Pedagogic strategies are action plans designed to manage issues related to sequencing and content organization, specifying learning activities, and deciding how to deliver content and activities in teaching processes. In this paper, we present an approach to personalization of pedagogical strategies in Intelligent Tutoring Systems using pedagogical knowledge rules in a Web environment. The adaptation of pedagogical strategies is made based on a multilevel pedagogical model. An Intelligent Tutoring Systems called FUNPRO was developed to validate the multilevel pedagogical model. The results of empirical tests show that the multilevel pedagogical model enables FUNPRO to improve the process of personalization of pedagogical strategies, due to the reduction of inappropriate recommendations.
Introduction
An Intelligent Tutoring System (ITS) is an intelligent system that provides individualized instructions to students [1, 2] . One of the main components in an ITS is the tutor module. The pedagogical model contained in the tutor module is responsible for determining the learning objectives and the selecting pedagogical strategies that are most appropriate to guide a particular student's learning process [3, 4] . The pedagogical strategies are the set of actions performed to facilitate the instruction and learning of students.
Various approaches are discussed in the literature to develop individualized instructions in an ITS. The experts developed pedagogical strategies into static plans in the early versions of ITS [5] . The next step in the evolution of personalized instructions is the implementation of algorithms for the production of instructional plans [6] [7] [8] [9] ; however, these plans have been difficult to develop, maintain and modify.
Several approaches and proposals have been presented by various authors in order to improve the personalization of student instructions in ITS [10] [11] [12] . Karampiperis and Sampson [12] proposed an adaptive instructional plans model, based on the use of ontologies. Although the instructional plan model can replan on its own when a student has trouble achieving his or her learning objectives, replanning takes place in terms of resources used and not in terms of pedagogical strategies.
Arias, Jiménez, and Ovalle proposed a model of instructional planning using Case-Based Reasoning (CBR) [13] . This model allows instructions to be adapted in order to meet the specific needs of each student. A major limitation of this model is that the activity plans that are generated can be incomplete if the case characteristics do not adequately cover the entire solution space.
More recently, personalization approaches have focused on the pedagogical model of the tutor module of the ITS. Barros [3] presented a pedagogical model designed using an ontology called pedagogical ontology. However, the model does not have mechanisms to auto adjust the strategies established by the ontology.
None of the studies reviewed to date has been designed with all three learning theories elements, teaching methods, and teaching tactics used in each stage of the lesson, within the same model.
The design of mechanisms for the formulation of pedagogical strategies in Intelligent Tutoring Systems is a complex task due to the number of variables involved. In particular, the selection of the methods or pedagogic tactics to be used for the development of a certain lesson requires the ITS to hold an extensive repertoire of pedagogical knowledge. In many cases, the ITS generates recommendations that are inappropriate for the student in terms of their profile or preferences. Inappropriate recommendations affect student performance in the lesson due to inconsistencies in the presentation of resources and an inadequate level of content or strategy to address the lesson.
In this context, the aim of this paper is to present a new approach to a pedagogical model for the personalization of pedagogical strategies in ITS. The proposed pedagogical model allows the ITS to personalize pedagogical strategies into five levels: learning resources, activity level, pedagogical tactics level, teaching methods, and educational theories level. Personalization can be based on student profile, dynamicity of student interaction, or be experiencebased. The model allows the ITS a higher level of personalization of the pedagogical strategy in order to reduce the number of inappropriate recommendations for the student.
An ITS called FUNPRO was developed to validate the multilevel pedagogical model. The reasoning performed by the system is based on rules and pedagogical knowledge that is represented in the form of ontologies. The empirical tests results showed the high adaptive capacities that the multilayer model provides to FUNPRO.
The primary objective of the ITS is to provide personalized instruction [1, 2] . Therefore, the main module of an ITS is the tutor module [14] . The tutor module is also known in the literature as the Instructional Planner [5, 13, 15] .
The pedagogic model inside the tutor module has educational functions. It is responsible for guiding the teaching-learning process and deciding what pedagogical actions are undertaken, how, and when [1, 13] . In ITS, the pedagogical model contained in the tutor module is responsible for determining the learning objectives and selecting pedagogical strategies that are most appropriate to guide the learning process of a particular student [3, 4, 16, 17] .
The instructional plan configures the pedagogic strategy used for each student. The purpose of the pedagogic strategies is to facilitate student instruction and learning [18] . Pedagogic strategies, in general, refer to abstract teaching methods [19] . Pedagogic strategies are oriented towards configuring activities and interfaces between the student and the imparting of learning process. In educational environments, the pedagogic strategies are action plans designed to manage issues related to sequencing and organizing instructional content [8] , specifying learning activities, deciding how to deliver the content [19] , and employing pedagogic tactics [4] .
The main contribution of this work is the incorporation of levels of personalization in pedagogical strategies. Levels allow for a greater number of customization aspects in the pedagogical strategy. Each level of the model represents a component of the pedagogical strategy; at each level, the ITS collects data, undertakes reasoning and, if inappropriate, reconfigures recommendations that are generated.
This paper is organized as follows, Section 2 presents the architecture proposed for a pedagogic model in Intelligent Tutoring Systems, and the personalization rules implemented in this work are explained. Section 3 presents the methodology used to validate the pedagogical model. Section 4 presents an analysis of empirical data that was collected from the validation test. Finally, Section 5 discusses the main conclusions and future work
The multi-level pedagogical model
The pedagogical model is multilevel in order to enrich the possibilities for personalization of pedagogical strategies. The pedagogical strategy is personalized at each level according to each student's characteristics. The following five abstraction levels compose the proposed pedagogic model: Theory level, Method level, Tactic level, Activity level, and Resource level, see Fig. 1 .
Each level of the pedagogical model is represented by ontologies. For the definition of educational domain terminology and for pre-selection of the teaching methods and pedagogical tactics, a literature review was carried out. Then, several meetings were held with a group of experts from the Department of Educational Psychology at the Universidad de Córdoba (COL). In these sessions, terminology was validated and the pedagogical tactics to be implemented were selected. In this way, elements of the pedagogical model's structure, described below, were defined.
Theory level
Learning theories are composed of a diverse set of theoretical frameworks, which try to explain how individuals access knowledge. Many features of pedagogical theories can be partially modeled by computer. In this paper, we have only included those characteristics that can be modeled computationally: the type of content sequencing, the type of assistance provided to students, and the type of evaluation, see model in Fig. 2 .
The proposed model supports two types of educational theories: behaviorism and constructivism. The characteristics of the behaviorism theory that are supported by the multilevel model are: linear navigation between contents, immediate reinforcement, and organization of content for levels with prerequisites.
Moreover, constructivist features supported by the multilevel model are: free navigation between content, content organization with minimal and necessary prerequisites, formative assessment, and activities for active student participation.
Method level
A teaching method is comprised by the principles that include an orderly logical arrangement of the tactics and activities that are used in course lessons. The teaching methods are based on pedagogical theories; each method may contain all or part of the pedagogical principles in the theories, see Fig. 3 .
The isBasedOn relationship determines the learning theory, which is based on a teaching method and establishes the content's organization. The is Supported By Pedagogical Tactic relationship, however, allows the association of the pedagogical tactics that will be used in the teaching method.
Tactic level
Tutor Module provides the learning objectives based on student characteristics. In addition, Tutor Module offers a range of pedagogic tactics for the student to achieve the learning objectives that have been established for him. Pedagogic Tactics are composed of actions and resources that are used in the interaction with the student [4] in order to provide a personalized teaching experience. The selection criteria used to include a pedagogic tactic in the Tutor Module was that such tactic can be modeled computationally [18, 20] . In this work 19 pedagogic tactics were implemented (see Fig. 4 ). The canPlaysPedagogicalTactic relationship allows the pedagogical strategy to be associated with one or more lesson components. When a new learning resource is added, a new isResourceOfPedagogicalTactic relationship is created.
Activity level
The components of the lesson are the sections in which the lesson activities are organized. The division of the lesson into sections has been widely used in the teaching practice [5, 21, 22] . Specifically, our proposal for lesson components is based on [22] ; however, we make some modifications to adjust it to an education context in our university. Our proposed model suggests that there are six sections in the structure of a lesson: introduction, definition, explanation, example, activity, and evaluation.
In the Introduction section the objectives and information about the context of the lesson are presented. In the Description, the definitions and concepts related to the lesson are displayed. The Explanation section delves into concepts and issues relevant to the lesson. In the Example section, examples and demonstrations are provided that are related to the lesson's themes. In the Activity section, active pedagogical tactics, such as experiments, simulations, and exercises are employed. Finally, in the Evaluation section questionnaires and various types of tests to measure student achievement in the lessons are presented.
Resource level
Learning resources are digital objects such as images, animations, simulations, web pages, and more. Learning resources are the content carriers in the lesson and have different formats. Fig. 6 shows the relationship between the resource level and other of the model's components.
Students have the opportunity to assess the learning resources that the instructional planner recommends for each component of the lesson. The assessment is based on a scale of 1-5 as follows: (1) The resource was of no use in learning the lesson's subject, (2) the resource made little contribution to learning the lesson's topic, (3) the resource partially contributed in learning the lesson, (4) the resource was useful for the lesson, and (5) the resource was very useful for learning the lesson's topic. 
Personalization of pedagogical strategies
The pedagogical strategy has an internal representation consisting of three sections: context, recommendation, and performance, see Fig. 7 .
The context section contains the input data used to configure the pedagogical strategy, which are: student information, course, and lesson. The recommendation section contains the settings for the pedagogical strategy, which are adapted to the student. This section consists of the navigation style, pedagogical theory, the teaching method, the components of the lesson that are enabled to students, and pedagogical tactics for each component. The performance section stores the result of the recommendation for a particular student's strategy. The performance of the strategy depends on the performance of the student in the lesson and has a scale of low, medium, and high. Following the personalization process, the pedagogical strategy at each level of the model is described. Applying the rules of reasoning that comprise the pedagogical knowledge element of the model makes the personalization.
Personalization in learning theory's recommendations
The pedagogical strategies are implemented using learning theories criteria; otherwise, they would be limited to sequence of activities and tasks that do not have a clear educational purpose [23] .
When a new student is registered, a profile is created immediately. The student fills out a form to generate his learning style profiles. When a registered student enters into the ITS, the pedagogical model activates the corresponding student model to adapt the teaching session. Preferences and indicators related to the student's level and learning style are obtained from the student model, see Fig. 8 .
The approach used in this work to model the student learning style was based on the model developed by Felder [24] . Then, the following processes perform the personalization of pedagogical strategies on a learning theory level:
Profile-based adaptation: The adaptation takes the student's learning style into account as input parameters, including the dimension of understanding. For example, if the student has a predisposition that favors the sequential development of content, then the system will recommend a pedagogical strategy based on behaviorism. Otherwise, it will recommend a teaching strategy based on constructivism. Dynamic adaptation occurs when the recommended tactic for teaching a lesson is changed for a new one. If the new pedagogical tactic is based on a different pedagogical theory, the pedagogical strategy and student profile are updated. The adaptation at method level is performed in the following ways:
Adaptation is based on the theory of learning. Each teaching method is influenced by one or more learning theories. Thus, if it is recommended that the student use the constructivist theory of learning then this recommendation will be based on constructivist methods. 
Personalization in the pedagogic tactic's recommendation
The personalization of pedagogical strategies on a pedagogical tactics level is performed in the following ways:
Profile-based adaptation: The pedagogical tactics recommendation of is carried out based on the student profile. In this study, 19 pedagogic tactics were implemented, see Fig. 3 . The selection of the pedagogical tactics was based on [4, 18, 20] .
Dynamic Adaptation: This type of adaptation occurs when a student changes a recommended resource for a lesson with a new one. In this case, if the new resource supports a different kind of pedagogical tactic, the system reconfigures the recommendation preferences for the student and states that the tag recommendation is inappropriate. 
Personalization in the learning resources recommendation
Adapting pedagogical strategies on a resource level occurs in the following cases:
Profile-based adaptation: Consists of the recommendation of resources according to the characteristics of the student profile. Rule 7 is conditioned by the context of the pedagogical strategy and the result of the student evaluation for the learning resource after its use during the lesson. The resources are sorted from highest to lowest evaluation result. The model selects the resource with the highest performance.
Adaptation by preference: This type of recommendation occurs when a student changes the recommended learning resource to a different resource. In this case, the system updates the student's preferences according to the characteristics of the newly selected resource, and the new profile will be used to give new recommendations. 
Methodology
An ITS, to be used to learn Programming Fundamentals (FUNPRO) was developed using a MODESEC [25] methodology, and it is based on introspective learning [26] . FUNPRO was used to validate the multi-level pedagogic model and was developed entirely in SWI-Prolog. To edit the graphical interface, Notepad + + was used, see screenshot in Fig. 9. 
Configuration of the experiment
A practical experiment was conducted in order to verify the personalization level of pedagogical strategies with respect to the preferences and profiles of students using FUNPRO. The experiment was conducted with 20 students undertaking an introductory course in programming. The course consisted of five lessons and had a basic level of complexity.
The performance metric used to measure the personalization level of pedagogical strategies was the average of changes made to the pedagogical strategies recommended at each model level. Changes in pedagogical strategies can be made directly by the student (e.g. when the student changes a learning resource) or dynamically (e.g., when the ITS detects a change in the student's learning preferences).
Changes made to the teaching strategy components, recommended for each student, will be interpreted as inappropriate recommendations. In this sense, if the amount of changes needed to adjust the pedagogical strategy according to the student's profile is high, and then the level of personalization of the teaching strategy will be low. Thus, the aims of the experiment were to see whether the multi-layer pedagogical model could increase the level of personalization of pedagogical strategies by reducing changes to the recommended strategy for each student in each lesson of the course, and also to observe if the reduction of inappropriate recommendations had a positive effect on student performance during the lesson.
Results
Data from the experiment will be described with respect to i) personalization of pedagogical strategies to the student profile at each level of the model and, ii) the relationship observed between the evaluation made by students in terms of learning resources and the changes made system to the pedagogical strategy. i) Personalization of pedagogical strategies
In the data obtained from the experiment, with respect to the behavior of the adaptation of the pedagogical strategy to the student profile at each level of the model, the average number of adaptations per student observed at level of learning resources was 1.44. The average number of pedagogic tactic level adaptations was 0.82, the average number of adaptations at teaching method level was 0.35, and the average number of adaptations at learning theory level was 0.15. Fig. 10 shows that the model level with the most number of adaptations was learning resource, and the level where there were fewer adjustments was learning theory. With respect to the occurrence of adaptation generated by the relationship between the levels, it can be said that 56.9% of resource changes made by the student generated changes in pedagogical tactics by applying rule (7) . 42.7% of pedagogical tactic changes generated teaching method changes by applying rule (4), and 42.9% of teaching method changes generated Learning Theory changes for pedagogical strategy as a result of rule (2) . Fig. 11 shows the data on the average number of adaptations to the pedagogical strategy in each model level for each lesson in the course. With respect to the average of changes made to the pedagogical strategy recommended, a reduction of adaptations in each component of the strategy, while the student progresses in the course, is observed.
The results show that while the student's progress in the course, the system adapts its pedagogical strategy. Thus, for each new lesson the amount of required adjustments are minimal. Decreasing the number or adjustments indicates that as the student uses the system, the multilevel model improves recommendations for each component of the pedagogical strategy. ii) Relationship between the resource evaluation and the changes made to the pedagogical strategy Section (A) Fig. 12 shows the inverse relationship found between the average number of resources assessments made by student and the changes to the pedagogical strategy.
Students evaluate by giving the best score to which they prefer: the learning resources included in the teaching strategy in a new lesson or those learning resources that were recommended in a previous lesson. As the student evaluation of learning resources improves, there is a decrease in the percentage of adaptations required to personalize the pedagogical strategy. This is because the system learns with each adaptation to the pedagogical strategy, in turn producing better recommendations at each model level.
Section (B) of Fig. 12 shows the relationship between evaluations of learning resources and student performance in each lesson. When recommendations at each level of the pedagogical strategy are adapted to the profile of the student, an improvement in the student performance in the next lesson is observed.
Conclusions
In this paper, we have presented a multi-level pedagogical model-based on ontologies for the personalization of pedagogical strategies in ITS. Personalization of pedagogical strategies is made using rule-based reasoning. In this way, the structure of a pedagogical model for ITS, the main elements of which are the theories of learning, pedagogic strategies, and pedagogic tactics was defined.
The pedagogical tactics, teaching methods, and learning theories supported by the model, were determined by experts in Educational Psychology and supported by a literature review.
An ITS was used to learn about an introduction to programming (FUNPRO) by using MODESEC methodology. This was developed to validate the multi-level pedagogical model. Rules that create FUNPRO pedagogical knowledge were developed entirely in SWI-Prolog.
The results show that when the students' progress in the course the amount of required adjustments are minor. Decreasing the number of adjustments indicates that the multilevel model improves recommendations on each component of the pedagogical strategy as a result of rule (2, 4 and 7). The evidence found in the data produced in the experiment shows that the proposed multi-level model allows dynamic adaptation of the pedagogical strategy to each student's profile . Adaptations to each model level influence the improvement of student performance in the lessons that follow.
